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source 3d connected via impedance matching circuitry and 
a tuning capacitor, as shown in FIG. 1. Alternatively, each of 
the coils is individually powered by different RF power 
sources and the coils can be arranged in non-concentric 
arrangements, eg., the coils can be coplanar and arranged t 
side-by-side in a row or pattern such as multiple rows of 
coils or randomly arranged coils. 

The segmented TCP coil describ^dabove permits efficient 
generation of a spatially uniform plasma without changing 
the configuration of the TCP window or limiting the param- 10 
eter ranges needed to optimize other processing responses. 
Although particuh^mbodUmenjts^>fme invention have been 
described, it will be appreciated by those of ordinary skill in 
the art that the present invention can be embodied in other 
specific forms without departing from the spirit or essential 15 
characteristics thereof. For example, switches and capacitors 
can also be provided to shunt and/or disconnect the second 
coil as well as the first coil and three or more coils can be 
utilized to form the segmented coil. Furthermore, although 
a TCP segmented coil with coaxially arranged first and 20 
second coils has been illustrated, the number of coils is not 
limited thereto, but may be any number and pattern which 
meets the demands of uniform plasma generation. The 
presently disclosed embodiments are therefore considered in 
all respects to be illustrative, and not restrictive. The scope 25 
of the invention is indicated by the appended claims, rather 
than the foregoing description, and all changes that come 
yj within the meaning and range of equivalence thereof are 

yi intended to be embraced therein. 

~j / What is claimed is: 30 

^ ^ 1. An apparatus for generating plasma, the apparatus 

comprising: 

y3 a plasma reaction chamber having a window forming a 

magnetic/electrical field path into the chamber and a 
«. process gas supply for introducing process gas into the 35 

^ chamber; 

= a coil comprising at least a first coil segment and a second 

Q coil segment, the first and second coil segments being 

\ -a connected in series and disposed proximate an exterior ^ 

p surface of the window of the chamber so dectromag- 

^ netic fields from said first and second coil segments are 

fU coupled through the window into the chamber; 

Q a radio frequency source for coupling rX energy to the 

f=\ coil arrangement, the radio frequency source being 45 

^ effective to resonate a radio frequency current in the 

first and second coils; and 

a power distributing component connected to one of the 
coil segments for controlling the flow of radio fre- 
quency current from the source through the first and 50 
second coil segments so different maximum radio fre- 
quency current amplitudes selectively flow from the 
source through the first and second cofl segments at the 
same time to cause the process gas introduced into the 
chamber to be excited into a plasma having a relatively 55 
uniform plasma density in an area spanned by the first 
and second coil segments. 

2. The apparatus of claim 1, wherein the power distrib- 
uting component includes a circuit component connected in 
shunt with one of the coil segments. 60 

3. The apparatus of claim 2, wherein the circuit compo- 
nent comprises an adjustable capacitor. 

4. The apparatus of claim 2, wherein the circuit compo- 
nent comprises a switch for selectively effectively connect- 
ing one or both of the coil segments in scries across a pair 65 
of excitation terminals connected to be responsive to radio 
frequency current derived from the radio frequency source. 
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5. The apparatus of claim 1, wherein the power distrib- 
uting component includes a component for selectively dis- 
connecting the first coil segment from the second coil 
segment so radio frequency current flows from the radio 

5 frequency source through the second coil segment but not 
through the first coil segment while the component discon- 
nects the first coil segment from the second coil segment and 
radio frequency current flows from the radio frequency 
source through the first and second coil segments while the 

io component connects the first coil segment to the second coil 
segment 

6. The apparatus of claim 5, wherein the component for 
selectively disconnecting comprises a switch. 

7. The apparatus of claim 1, wherein the first and second 
15 coil segments are coplanar. 

8. The apparatus of claim 1, wherein the first and second 
coil segments are concentrically arranged structures each 
including an inner terminal an outer terminal and an arcuate 
conductor having at least one turn extending between the 

20 inner and outer terminals. 

9* The apparatus of claim 1, wherein the first and second 
coil segments are powered by a single radio frequency 
power source, the first and second coil segments being 
connected to each other and the single radio frequency 
25 power source so radio frequency current flows from the 
radio frequency power source through a first excitation 
terminal of the coil connected to the first coil segment 
thence through the coil to a second excitation terminal of the 
cofl connected to the second coil segment* thence back to the 
] 30 source, the first and second excitation terminals being at 
opposite ends of the coil. 

10. The apparatus of claim 1 wherein each of the coil 
segments includes an inner terminal, an outer terminal and 
an arcuate conductor portion having at least one turn extend- 

: 35 ing between the inner and outer terminals, the first and 
second coil segments being connected in series across a pair 
of excitation terminals connected to be responsive to ri 
current derived from the radio frequency source. 

11. The apparatus of claim 10 wherein the exterior ter- 
40 minal of the first coil segment is connected to the interior 

terminal of the second coil segment 

12. The apparatus of claim 11 wherein the component is 
connected across the interior and exterior terminals of the 
first coil segment 

45 13. The apparatus of claim 12 wherein the first and second 
coil segments are concentric with each other. 

14. The apparatus of claim 11 wherein the component 
includes a capacitor. 

15. The apparatus of claim 13 wherein the component 
50 includes a switch for selectively causing (a) the first and 

second coil segments to be connected in series with each 
other while the switch is in a first position and (b) radio 
frequency current from the source not to flow in the first coil 
segment while the switch is in a second position. 
55 16. The apparatus of claim 12 wherein the component 
includes a capacitor. 

17. The apparatus of claim 12 wherein the component 
includes a switch for selectively causing (a) the first and 
second coil segments to be connected in series with each 

60 other while the switch is in a first position and (b) radio 
frequency current from the source not to flow in the first coil 
segment while the switch is in a second position. 

18. The apparatus of claim 4 wherein the switch and coil 
segments are arranged so that (a) in a first position of the 

65 switch, radio frequency current from the radio frequency 
source flows in series through a first of the excitation 
terminals, thence in series through the first and second coil 
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segments and thence through a second of the excitation 
terminals, and (b) in a second position of the switch, radio 
frequency current from the radio frequency source flows in 
series through the first excitation terminal, thence through 
one of the coil segments but not through the second of the 5 
coil segments and thence through the second excitation 
terminal 

19. The apparatus of claim 1, wherein the first and second 
coil segments are powered by a single radio frequency 
power source, the first and second coil segments being to 
connected to each other and the single radio frequency 
power source so radio frequency current flows from the 
power source through a first excitation terminal of the coil 
connected to the first coil segment, thence through the first 
and second coil segments to a second excitation terminal of 15 
uie coil connected to the second coil segment, thence back 
to the source, the first and second excitation terminals being 
at opposite ends of the coiL 

%\ 20. A method of generating a plasma having a substan- 
tially uniform density in a plasma reaction chamber, the 20 
method comprising the steps of: 
introducing a process gas into the plasma reaction cham- 
ber; 

supplying an excitation coil for the plasma with a radio 
frequency current resonant to the cchL the coil respond- 25 
Q ing to the radio frequency current to produce a radio 

yg frequency field that excites the gas to a plasma, the coil 

comprising at least a first coil segment and a second 
coil segment connected in a radio frequency circuit the 
i£J coil being disposed proximate an exterior surface of a 30 

£ window of the chamber; and 

fn selectively controlling the maximum amplitude of radio 

r: frequency current flowing through the first and second 

^ coil segments in a manner such that the plasma has a 

4 s uniform plasma density in an area spanned by the first 

s and second coil segments. 

q 21. The method of claim 20, wherein the step of control- 

r: ling the radio frequency maximum current amplitude is 

^ carried out by shunting one of the coil segments. 

FU 22. The method of claim 21, wherein the step of shunting 

fy is performed by causing a capacitor having a relatively high 

^ value to be connected in shunt with said one segment so 

!jf substantial radio frequency current flows through the capaci- 

ty tor and a relatively low radio frequency current flows 

through said one segment 4 

23. The method of claim 21, wherein me step of shunting 
is performed by closing a switch across said one coil 
segment so the flow of the radio frequency current through 
said one coil segment is prevented. 

24. The method of claim 20, wherein the step of control- 50 
ling the radio frequency maximum current amplitude is 
carried out by disconnecting said one coil segment from the 
radio frequency circuit. 

/ 25. The method of claim 24, wherein the step of discon- 
necting is performed by opening a switch. 
\J 26. An apparatus for generating plasma, the apparatus 
comprising: 

a plasma reaction chamber having a window forming a 
magnetic/electrical field path into the chamber and a ^ 
process gas supply for introducing process gas into the 
chamber, 

a radio frequency source arrangement; 

a cofl arrangement comprising a first coil segment and a 
second coil segment the first and second coil segments 65 
being disposed proximate an exterior surface of the 
window of the chamber so radio frequency fields from 
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said first and second coil segments arc coupled through 
the window into the chamber, each of die coil segments 
including an inner terminal, an outer terminal and an 
arcuate conductor portion having at least one turn 

s extending between the inner and outer terminals, the 
first coil segment being inside the second coil segment 
the first and second coil segments being connected to 
the radio frequency source arrangement and arranged 
so a lower radio frequency maximum amplitude current 

1Q from the source arrangement flows through the first coil 
segment than through the second coil segment the 
radio frequency fields derived from the first and second 
coil segments interacting with the process gas intro- 
duced into the chamber so the process gas is excited to 
form a plasma having a relatively uniform plasma 

15 density in an area spanned by the first and second coil 
segments. 

27. The apparatus of claim 20 wherein the coil arrange- 
ment for causing a lower radio frequency maximum ampli- 
tude current to flow through the first coil segment than 

20 through the second coil segment includes a relatively low 
non-inductive impedance shunting the first coil segment. 

28. The apparatus of claim 20 wherein the source arrange- 
ment includes a single radio frequency source, the first and 
second coil segments being connected in series across a pair 

25 of excitation terminals responsive to radio frequency current 
derived from the single radio frequency source, radio fre- 
quency current from the single source flowing through one 
of the excitation terminals, thence through both of the first 
and second coil segments, thence through the other excita- 

30 ytion terminal. 

\f 29. A method of exciting plasmas in a plasma reaction 
chamber supplied with a process gas, the plasmas having 
differing characteristics at different times but being excited 
so they have substantially uniform density, the process gas 
35 being excited into a plasma by a coil coupling a radio 
frequency electromagnetic field into the chamber, the coil 
having spatially disparate plural segments relative to the 
excited plasma, the method comprising: 
during a first interval while the excited plasma has a first 
40 characteristic, effectively arranging the segments in a 
first wayjtnd supplying radio frequency current to the 
coil so the radio frequency electromagneticHicld 
/coupled by the coil to the plasma has a first spatiaK 
configuration and amplitude to cause the plasma to 
45 have a first substantially uniform density, 

during a second interval while the excited plasma has a 
second characteristic, effectively arranging the seg- 
ments in a second way and supplying radio frequency 
current to the coil so the radio frequency eleotromag- 
50 netic field coupled by the coil to the plasma has a 
second spatial configuration and amplitude to cause the 
plasma-to baVe a second substantially uniform density, 
the first and second characteristics, ways, and configu- 
rations differing. 
55 30. The method of claim 29 wherein in the first way, first 
and second of said segments are connected to each other and 
a source of radio frequency current so the same radio 
frequency current flows from the source to the first and 
second segments, and in the second way the first and second 
60 segments are connected to each other and a source of radio 
frequency current so different radio frequency currents flow 
from the source to the first and second segments. 

31. The method of claim 30 wherein in the first way, the 
first and second segments are connected in series with each 

65 other and to the source of radio frequency current 

32. The method of claim 31 wherein in the second way the 
first segment is connected to the source of radio frequency 




current and the second segment is arranged so current from 
the source of radio frequency current does not flow in the 
second segment. 

33. The method of claim 31 wherein in the second way. 
the first and second segments are connected in series with 5 
each other and to the source of radio frequency current and 
an impedance is connected in shunt with the second seg- 
ment. 

34. The method of claim 33 further including changing 
the impedance so it has first and second values to provide the 10 
first and second ways, respectively. 

35. The method of claim 29 wherein the first and second 
ways are respectively achieved by first and second settings 
of a component connected to a first of the segments. 

36. The method of claim 35 wherein the component 15 
includes a switch, the switch when activated to the first 
setting connecting the first segment in series with a second 
of the segments so the radio frequency current flowing 
through the first segment flows in the second segment the 
switch when activated to the second setting causing a finite 20 
non-zero radio frequency current to flow from the source 
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through the first segment and no radio frequency current to 
flow from the source through the second segment 

37. The method of claim 35 wherein the component 
includes a non-inductive impedance connected in series with 

5 a first of the segments and shunting a second of the 
segments, the impedance respectively having first and sec- 
ond values when the component is activated to the first and 
second settings. 

38. The method of claim 29 wherein first and second of 
10 the segments are series connected to each other and the first 

and second ways are respectively achieved by first and 
second settings of a component connected to the first 
segment, the component when activated to the first setting 
causing radio frequency current flowing through the first and 
15 second segments to have a first relation with respect to each 
other, the component when activated to the second setting 
causing radio frequency current flowing through the first and 
second segments to have a second relation with respect to 
each other. 
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3 9\/ A low pressure plasma processor for treating a 
workpiece with a plasma comprising a low pressure chamber 
where the workpiece is adapted to be located, the chamber 
having an inlet for introducing into the chamber a gas 



which can be conw 


*rted into the plasma for treating the 


workpiece, a coil 


positioned to couple an RF field to the 


gas for exciting 


the gas to the plasma state, the coil 


including interioi 


, intermediate and peripheral portions, 


the interior ant 


1 peripheral portions having turns 


connected to each 


Dther and arranged so the magnetic flux 


density coupled to 


the plasma bv each of the interior and 


peripheral coil 


oortions exceeds the magnetic flux 


density coupled t< 


:> the plasma bv the intermediate coil 


pdrtion. 





I 

40. The processor of claim 39 wherein the interior 
portion includes plural radially and circumf erentiallv 
extending turns, the exterior segment having at least one 
circumf erentiallv extending turn, the intermediate 
portion being configured so it (a) does not include a 
complete turn, (b) is substantially less than a complete 
turn, and (c) includes a lead connected to ends of the 
turns of the interior and exterior portions. 



41. The processor of claim 40 wherein the interior, 
intermediate and exterior portions are connected in 
series, the interior and exterior portions respectively 
including terminals for connection to a source of RF. 



42. The processor of claim 40 wherein the exterior 
portion includes plural radially and circumf erentially 
extending turns . 
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43. The processor of claim 40 wherein the interior 
portion includes plural spiral like turns. 

44. The processor of claim 43 wherein the exterior 
portion includes plural spiral like turns. 

45\/ A coil for use with a low pressure plasma 
' processor for treaying a workpiece with . -an RF plasma 
wherein the processor includes a low pressur^ chamber 
where the workpieoe is adapted to be located, and the 
chamber has an inlet for introducing into the chamber a 
gas which can be converted into the RF plasma for 
treating the workpiece, the coil being adapted to be 
O positioned to couple an RF field to the gas for exciting 

the gas to the plasma state, the coil comprising: 
%Q interior, intermediate and peripheral portions, the 

interior and peripheral portions having turns connected 
to each other and arranged so the magnetic flux density 
=p coupled to tne plasma by each of the interior and 

JL, peripheral cojo.1 portions exceeds the magnetic flux 

15 density coupled to the plasma by the intermediate coil 

pjl portion. 

G 46. The coil of claim 45 wherein the interior 

portion includes plural radially and circumf erentially 
extending turns, the exterior segment having at least one 
circumf erentially extending turn, the intermediate 
5 portion being configured so it (a) does not include a 

complete turn, (b) is substantially less than a complete 
turn, and (c) includes a lead connected to ends of the 
turns of the interior and exterior portions. 

47. The coil of claim 46 wherein the interior, 
intermediate and exterior portions are connected in 
series, the interior and exterior portions respectively 
including terminals for connection to a source of RF. 
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48. The coil of claim 46 wherein the exterior 
portion includes plural radially and circumf erentiallv 
extending turns. 

49. The coil of claim 46 wherein the interior 
portion includes plural spiral like turns. 

50. The coil of claim 49 wherein the exterior 
portion includes plural spiral like turns. 

51 A coil for// use with a low pressure plasma 
processor for treating a workpiece with an RF plasma 
wherein the processor includes a low pressure chamber 
where the workpiece /is adapted to be located, and the 
;|5 / chamber has an inlet/ for introducing into the chamber a 

t) IT | 

Lg gas which can be /converted into the RF plasma for 

p J 

^ treating the workpiece, the coil being adapted to be 

ju positioned to coup lie an RF field to the gas for exciting 

f the gas to the plasma state, the coil comprising: 
interior, intermediate and peripheral portions, the 

Ly interior portion] including plural radially and 




circumf erentially fextending turns, the exterior segment 
p having at least one circumf erentially extending turn, the 

W intermediate portion being configured so it (a) does not 

15 include a complete turn, (b) is substantially less than 

a complete turn,! and (c) includes a lead connected to 
ends of the turns of the interior and exterior portions. 

52. The coil of claim 51 wherein the interior, 
intermediate and exterior portions are connected in 
series, the interior and exterior portions respectively 
including terminals for connection to a source of RF. 



53. The coil of claim 51 wherein the exterior 



portion includes plural radially and circumf erentially 
extending turns . 
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54. A low pressupre plasma processor for treating a 
workpiece with a plasma comprising a low pressure chamber 
where the workpiece is adapted to be located, the chamber 
having an inlet for {introducing into the chamber a gas 



which can be convert 


*d into the plasma for treating the 


workpiece, a coil pos 


itioned to couple an RF field to the 


gas for exciting th€ 


i gas to the plasma state, the coil 


including interior, i 


ntermediate and peripheral portions. 


the interior porti< 


m including plural radiallv and 


circumf erentiallv ex 


tending turns, the exterior segment 


having at least one ckrcumf erentiallv extending turn, the 


intermediate portion 


being configured so it (a) does not 


include a complete ti 


arn, (b) is substantiallv less than a 


complete turn, and (< 


2) includes a lead connected to ends 


of the turns of the/ interior and exterior portions. 



55. The processor of claim 54 wherein the interior, 
intermediate and exterior portions are connected in 
series, the inferior and exterior portions respectively 
including terminals for connection to a source of RF. 

56. The processor of claim 54 wherein the exterior 
portion includes plural radiallv and circumf erentiallv 
extending turns . 




